A broadband CPW fed stacked patch antenna well suited for integration with monolithic and optical integrated circuits is presented. The antenna is designed with a bandwidth of 40 % on a high dielectric constant feed substrate. The predicted and measured input impedance and far field radiation patterns are given.
Introduction:
The incorporation of photonic technology in traditionally microwave systems has received considerable attention recently. Microwave/optical transmission has found numerous applications, such as in picocellular base station remoting and broadband distribution systems [I] . For these applications, efficient conversion from electrical to optical power is imperative. The microwave/optical transducer module generally consists of an antenna and some form of microwave to optical modulation. It is important that the transducer module be lightweight, robust and unobtrusive.
Coplanar waveguide (CPW) transmission structures are now quite common in monolithic and optical integrated circuits owing to the ease of series and shunt component connections. CPW fed microstrip patch antennas [2, 31 exhibit the desired qualities for the transducer module, namely, being of low profile. The design of patch antennas using high dielectric constant [4] and lithium niobate [5] substrates shows their feasibility for integration with optical modulators. However, most previously reported CPW fed microstrip patch antennas have had a relatively low impedance bandwidth, leading to the need for stringent requirements for the specifications of other components to meet the system bandwidth for even narrowband applications. (ii) substrate 3: q3 = 1.07, tan& = 0.0009, h, = 3mm (iii) patch 2: l2 = 13.5rnm, w, = 13.5mm (iv) substrate 2: &, * = 2.2, tan& = 0.0009, h2 = 0.78mm (v) substrate 1: E,I = 2.2, tan&, = 0.0009, h, = 3.lmm (vi) patch 1: I, = 12mm, wI = 12mm (vii) feed substrate: &, = 10.2, tan8 -0 0002, h, = 0.254mrn (viii) aperture: I , = 1d7mm, w, = dTmm (ix) CPW feed: W = 0.25mm, G = 0.375mm Aperture-stacked patches (ASPs) [6] have achieved bandwidths (defined as having a VSWR < 2:l) in excess of 50%. However, these ASPs were fed with a microstrip line rather than a CPW and are constructed on a substrate of low permittivity, making them dfiicult to integrate with monolithic and optical integrated circuits.
In this Letter, we propose and present a broadband CPW fed stacked patch antenna, suitable for use within a microwave/optical transducer module. This design uses a CPW feedline on high dielectric constant substrate, and a stacked patch configuration for enhanced impedance bandwidth. It will be shown that the CPW feed mechanism and high permittivity substrate produce critical discrepancies in the strategy employed to design the CPW fed stacked patch antenna, compared to that used in [6] . The CPW feedline is constructed on 0.254mm alumina substrate (E, = 10.2) to simulate the high dielectric constant materials used for monolithic and optical integrated circuits. A large aperture is used as a resonator within the operating band. Thick slabs of Rogers 5880 Duroid and foam are used for substrates 1 and 3, respectively. The patches are etched on the underside of the thinner Duroid substrates, 2 and 4.
Although an extensive parameter study was given in [6] for ASPs, a high dielectric constant feed substrate and CPW feedline bring about some important variations. The high dielectric feed substrate caused an opposite effect on the coupling strength between the feed and patch 1 when the slot length was altered, and also limited the maximum achievable bandwidth of the antenna. Modifying the relative sizes of the two patches had a contrasting effect on the comparative position of the resonant loops of the impedance response compared to that shown in [6] . The CPW fed stacked patch antenna was designed taking these differences into account. HFSS [A was used to analyse the resulting structures. Owing to the complexity of the structure, the memory requirements were large, and extensive simulation times were encountered (in excess of 12h for a frequency sweep from 5 to 9GHz).
Results and discussion: The simulated and measured input impedance are shown in Fig. 2a and b , respectively. A VSWR < 2:l bandwidth of 40% centred at 6.75GHz was observed from the simulation. Very good agreement between theory and experiment is obtained, exhibiting similar resonant behaviour. Slight shifts in the resonant loops can be attributed to air gaps between the layers of the constructed antenna, as no provisions were made for this in the simulations. Fig. 3 compares the simulated and measured far field radiation patterns at 6.75GHz. Reasonable similarity in the shape of the radiation patterns is observed, and front to back ratios of 13 and 11 dB were obtained for the theoretical and experimental results respectively. Both diagrams exhibit a sidelobe -5dB down from the mainlobe in the E-plane, which we believe is caused by spurious radiation from the CPW feedline. The measured gain of the antenna at 6 . 7 5 G H z was 7.5dBi.
Conclusions:
A broadband CPW fed stacked patch antenna was designed on a high dielectric constant feed substrate with a bandwidth of &%, and was fabricated and tested. This is a notable improvement in bandwidth over other CPW fed patch antennas. This antenna is suitable for integration with optical modulators, as part of a transducer module for microwave/optical transmission systems requiring a large bandwidth. 
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CPW-fed slot-loop coupled patch antenna on narrow substrate
Shih-Wen Lu, Tsung-Fang Huang and Powen Hsu A coplanar waveguide (CPW) fed rectangular patch antenna excited by a rectangular slot-loop is designed for use in the 2.4GHz ISM band. The size of the slot-loop is chosen to be as close to that of the patch as possible, and the substrate is cut to be as narrow as possible. Experimental results show that this antenna has a nearly omnidirectional pattern in the H-plane and a bandwidth of -22% for VSWR < 2.
Introduction: A simple back-to-back patch antenna fed by a coplanar waveguide (CPW) has recently been reported to radiate an omnidirectional pattern in the horizontal plane [I] . This antenna has two identical rectangular patches printed separately on two dielectric substrates, with the CPW and its open-end slot on the ground plane sandwiched in between the two. The two patches are arranged back-to-back relative to the CPW, and the widths of the substrate and the ground plane are cut to be as narrow as that of the patch. It is this narrow width that makes the H-plane pattern of the antenna nearly omnidirectional [l] . This antenna, however, has an inherently narrow bandwidth of -1.7% for VSWR < 2. In this Letter, we propose a CPW-fed slot-loop coupled patch antenna which preserves the omnidirectional pattern but sigdicantly increases the bandwidth. The proposed antenna is composed only of a rectangular patch and a layer of dielectric substrate. The other patch and substrate in the back-to-back patch antenna are replaced by a rectangular slot-loop attached to the end of the CPW in the ground plane. The replacement is suitable since the slot-loop is itself a radiating element, and the larger the slot-loop, the more power it radiates to the loop side [2] . The size of the slot-loop is chosen to be as close to that of the rectangular patch as possible so that the radiated power of the slot-loop can be made almost the same as that of the patch. To preserve the omnidirectional pattern in the H-plane, the width of the substrate is kept as narrow as possible. The input characteristics and radiation patterns of this antenna designed for use in the 2.4GHz ISM band are measured and shown in the following. The antenna configuration is shown in Fig. 1 . A rectangular patch is placed on one side of the substrate, while a rectangular slot-loop fed by a CPW is arranged opposite to the patch in the ground plane on the other side of the substrate. The rectangular patch is placed centrally about the rectangular slot-loop, and the size of the slot-loop is made comparable to that of the patch. Experimental models were fabricated on a low cost FR-4 substrate with E, = 4.3, tan6 = 0.02, and t = 1.58mm. Theoretical dimensions of the patch and slotloop were determined first by setting that both the patch and the slot-loop were resonant at 2.45GHz and by using the momentmethod similar to that developed for an infinitely large substrate [3]. After cutting short the substrate width, resonant frequencies moved lower and higher for the patch and slot-loop, respectively. Therefore, the lengths and widths of the patch and slot-loop had to be slightly adjusted so that the 2:l VSWR bandwidth of the antenna could cover the entire 2.4GHz ISM band. The final
